Normal morphogenesis depends on the equilibrium between cell proliferation and differentiation (i. e., cellular homeostasis), while transcriptional regulatory networks reliably translate genetic information to yield specific and complex multicellular patterning. In both animals and plants, elegant models of pattern formation have suggested the existence of mechanisms that determine developmental identities in precise manners (Coen and Meyerowitz, 1991; Lawrence and Morata, 1994) .
Dynamic regulatory network models have substantiated the existence of these mechanisms (von Dassow et al., 2002; Espinosa et al., 2004) . Only recently molecular links between mechanisms that underlie cell type specification and cellcycle regulation have been demonstrated (Caro et al., 2007) .
The MADS-box gene family encodes a large variety of transcriptional regulators of plant and animal development (Messenguy and Dubois, 2003) . These transcription factors have been classified into two classes based on sequence relationships and structural features (type I and II lineages) that should have derived from at least one ancestral duplication before the divergence of animals and plants (Alvarez-Buylla et al., 2000b) . Therefore, plant type I are closely related to the animal SRF factors, while plant type II are more similar to the MEF-type of animals in their MADS domains than to plant type I. However, type II MADSdomain proteins of plants have three domains (I, K, C) in addition to the MADS DNA-binding domain: a small I domain that links the MADS with the dimerization K domain and the COOH domain (Riechmann and Meyerowitz, 1997) .
Plant MIKC genes have been mostly characterized as regulators of the transition to flowering (Samach et al., 2000) and flower, fruit and seed development (Bowman et al., 1991; Gu et al., 1998; Ferrandiz et al., 2000; Nesi et al., 2002; Pinyopich et al., 2003) . They are fairly specific meristem- (Mandel et al., 1992; Bowman et al., 1993 ), cell-(Liljegren et al., 2000 or organ-identity (Yanofsky et al., 1990; Pelaz et al., 2000) genes. However, genome-wide studies suggest that most MADS-box genes are expressed at different stages of the plant's life cycle and in a variety of organs and cell types (Kofuji et al., 2003; for revision Rijpkema et al., 2007) , suggesting that these genes may have developmental roles that affect multiple tissues and organs.
Given the high sequence conservation of MADS domains of plant and animal proteins within each lineage (I and II), we hypothesized that some of their functions may have been also conserved. Animal MEF-related MADS proteins have been implicated in regulation of cellular homeostasis and linked to cell-cycle control (Lazaro et al., 2002) . Therefore, we proposed that some plant MIKC genes might be important modulators of cell proliferation versus differentiation decisions.
Moreover, quantitative cellular analyses of MADS-box mutants may help to further understand the role of these genes in various plant developmental processes.
We have focused on MADS-box genes expressed in the root, as this organ is transparent and simple at the cellular level enabling quantitative analyses of cell dynamics (Dolan et al., 1993; Malamy and Benfey, 1997) . Indeed, the root has become a very useful system for unraveling general features of multicellular developmental mechanisms (Benfey and Scheres, 2000; Chapman et al., 2003; Wildwater, 2005) , and specifically for understanding the links between cellular dynamics and cell type specification during normal morphogenesis of a complex organ in vivo (Sabatini et al., 2003; Wildwater et al., 2005; Caro et al., 2007) . Some components of the molecular mechanisms involved in stem-cell niche patterning and behavior (Sablowski, 2004a; Sarkar et al., 2007) , as well as in the patterns of cell proliferation along morphogenetic gradients, that in the root are importantly determined by auxins, have been characterized (Sabatini et al. 1999; Galinha et al., 2007; Grieneisen et al., 2007) .
In this study we report the characterization of AGL12 based on three alleles (two in Columbia and one in Landsberg erecta backgrounds) that we have named xaantal1 (xal1) due to its short-root and late flowering phenotypes (xaantal: to take longer in Mayan), thus renaming the AGL12 gene also as XAL1. XAL1 is the sister gene to the AGAMOUS (AG) related genes that are specific for reproductive tissues. In contrast, XAL1 was characterized as a root specific gene (Rounsley et al., 1995) . Here we confirm that XAL1 is indeed expressed in roots, but we report its expression also in aerial organs. Our data suggest that XAL1 is an important regulator of cell proliferation in the root. XAL1 mutant alleles have short roots with an altered cell production rate, meristem size and cell-cycle duration, and thus XAL1 is the first MADS-box gene that is shown to be involved in cell-cycle regulation. Auxins have been implicated in cell-cycle regulation (Himanen et al., 2002; Vanneste et al., 2005) and our data interestingly show that XAL1 is induced by auxins. On the other hand, xal1 alleles are also late flowering and our data suggest that XAL1 could be an important promoter of the flowering transition through up-regulation of SOC, FT and LFY.
RESULTS

XAL1, a Sister Gene of the AGAMOUS MADS-box Clade, is an Important
Regulator of Root Development
Sequence analysis of XAL1 indicated that this gene is a member of the MADS-box transcription factor family ( Fig. 1A) and recent phylogenetic analyses suggested that XAL1 is sister to the rest of the AG-related genes (Martínez-Castilla and Alvarez-Buylla, 2003; Parenicová et al., 2003) . However, contrary to the other members of the AG clade, the expression of XAL1 is not restricted to reproductive organs since it is strongly expressed in roots (Rounsley et al., 1995; Burgeff et al., 2002) . In order to further characterize this gene at the functional level, we isolated three xal1 mutant alleles (Fig. 1B) . The xal1-1 allele has an En1 transposon insertion (Baumann et al., 1998) in the first exon of XAL1 and xal1-2 allele is a T-DNA insertion in the second intron (see Materials and Methods), both in Columbia background (Col-0). The third allele, xal1-3, is in Landsberg erecta background (Ler) and it is a stable transposon mutant allele with the insertion at the end of fourth exon (Fig. 1B) .
In all three mutant alleles, the primary root was shorter that in wild-type plants. xal1-1 seedlings showed a root length intermediate between wild type and xal1-2 and xal1-3 (Fig. 1B) , probably due to somatic reversion of this unstable transposon allele that occurred after several generations. We performed Northern blot and RT-PCR to corroborate XAL1 mRNA levels in roots of the three mutant alleles. RT-PCR detected low expression of XAL1 in the xal1-1 allele, which correlates with its intermediate phenotype, while the other two alleles had no expression of XAL1 mRNA (Fig. 1C) .
In order to test if the shorter roots of the three alleles could be due to altered cellular organization at the root tip, we analyzed 20 roots of each mutant allele under a confocal microscope. About thirty percent of the plants of all three alleles showed abnormal root apical meristem (RAM) organization, with the quiescent centre (QC) and columella being most affected (see examples in Fig. 2A) . In a median optical section, the columella initial cells and QC cells could not be clearly recognized and the general meristem organization resembled an open-type RAM (Baum et al., 2002; Chapman et al., 2003) . As a result of this disorganization, the root-cap protoderm initials giving rise to both protoderm (epidermis) and columella were abnormal in shape or could not be detected. Typical T-divisions in the epidermis could be detected only in the distal portion of the RAM. This abnormal organization led to an altered columella cell differentiation. While in wild-type plants, these cells usually increase in length in each subsequent tier along the root axis towards the distal root end ( Fig. 2A) , in the affected xal1 plants, the columella cells in the root cap were of similar size along the root axis, being almost isodiametric rather than elongated as in wild type plants ( Fig. 2A and data not shown).
To further understand the observed shorter-root phenotypes, we undertook quantitative cellular analyses of all xal1 alleles. We have set up a protocol to document a series of cellular parameters geared to establish the role of root MADS-box or other types of genes in cellular homeostasis using the root as a study system (See Materials and Methods and Table S1 in Supplemental Material).
These analyses revealed that all three alleles have a shortened meristem with a significantly lower rate of cell production and xal1-2 and xal 1-3 have longer cell cycle duration than in wild type plants (Fig. 2B) . In all cell parameters quantified, xal1-1 showed milder phenotypes than xal1-2 and xal1-3 alleles ( Fig. 2B ; Table   S1 ). Therefore, XAL1 constitutes the first MADS-box gene that affects cell cycle duration and for which quantitative cellular data have been put forward to evaluate the role of these genes in regulating cell proliferation within the RAM.
Given that xal1 mutants have significantly affected rates of cell production and cell cycle duration as well as an altered apico-basal pattern of cell behavior, XAL1 could be regulated by auxin, or XAL1 could mediate responses to auxin in the root. Gradients and movement in the root of this plant hormone are sufficient to guide root growth by affecting cell behavior in a dose-dependent fashion (Sabatini et al. 2000; Galinha et al., 2007; Grieneisen et al., 2007) . Maximum auxin levels maintain cell quiescence, intermediate levels promote cell proliferation and lower levels induce cell elongation and differentiation (Galinha et al., 2007; Grieneisen et al., 2007) .
XAL1 is Expressed in the Phloem Tissue and XAL1::GUS is Positively
Induced by Auxins.
In order to test if XAL1 responds to auxin levels, we constructed transgenic lines with a 2.8-kb XAL1 promoter region driving the expression of green fluorescent protein (XAL1::GFP, Fig. 3A ) and ß-glucuronidase (XAL1::GUS, Fig.   3B ). In the root of 8-day-old plants, GUS expression was detected in the vascular cylinder after 24 hours reaction, starting from the elongation zone at the level where no signs of protoxylem differentiation were as yet detectable (Fig. 3B and data not shown). XAL1 promoter activity in the differentiation zone was associated predominantly with protophloem cells (Fig. 3B) . These results were confirmed with independent XAL1::GFP transgenic lines, which also reported the expression of XAL1 promoter in the root phloem in an identical pattern observed in XAL1::GUS lines (Fig. 3A) . Additionally, 6.8-kb promoter constructs, as well as mRNA in situ hybridization (data not shown), revealed expression in the phloem. However, in situ data (Burgeff et al. 2002 ) also showed expression of XAL1 in the root meristem that could not be recovered in these constructs lines, probably due to the absence of the second regulatory intron.
During lateral root formation, XAL1::GUS expression became visible only after root emergence, and the pattern was similar to that observed in the primary root ( Fig. 3C and 3D ). This pattern of GUS activity driven by the XAL1 promoter correlated well with a significant reduction also in lateral root length of the xal1-1 plants compared to the wild-type plants (Fig. 3E ).
Indole-3-acetic acid (IAA) treatment clearly induced GUS activity driven by the XAL1 promoter (Fig. 3F) . Interestingly, the GUS expression was intensified only in the phloem tissue (Fig. 3G, left) . In contrast, DR5(7X)::GUS line in wild-type background (Ulmasov et al., 1997) showed an expanded GUS activity domain that was found in all cell types when the roots were treated with auxins ( Fig. 3G, right) .
XAL1 is a Positive Regulator of Flowering Transition that Responds to
Photoperiod and Up-regulates SOC1, FT and LFY While analyzing the xal1 mutants, we realized that the plants were late flowering ( Flowering time is regulated in Arabidopsis by a network of signaling elements that can be assigned to at least four different pathways (Boss et al., 2004) : one that promotes flowering in response to long-day photoperiods, one that is essential for flowering under non-inductive short days and depends on the plant hormone gibberellin, one that operates both under long and short days (also called "autonomous pathway"), and one that regulates flowering time in response to vernalization (Koornneeff et al., 1998a; Blazquez et al., 1998; Blazquez and Weigel, 2000; Putterill, et al., 2004) . In our experiments, both xal1 mutants flowered almost concurrently as wild-type plants under short-day conditions (Table   1 ). Moreover, vernalization or GA 3 application rescued the flowering time defects of xal1 plants to the same extent as in wild-type plants under long-day photoperiods (Table 1) . Thus, XAL1 does not seem necessary for the integrity of the autonomous, gibberellin-or vernalization pathways, but seems to be specifically necessary for the correct functioning of the "photoperiod flowering pathway" (Koornneef et al., 1998b; Imaizumi and Kay, 2006) . analyzed mRNA expression of a number of genes known to be key regulators of flowering transition (Fig. 4E ). First we confirmed that XAL1 mRNA levels were reduced in the shoot of both mutants. Indeed, xal1-1 has drastically reduced levels of expression and in xal1-2 we were unable to detect any mRNA expression ( Fig   4E) . Interestingly, the flowering promoters FT, SOC and LFY were clearly reduced at mRNA level with respect to wild-type in both xal1-1 and xal1-2 mutant backgrounds (Fig. 4E) . In contrast, CO and GI (the latter not shown), that are mutant phenotypes of two alleles in Columbia background and one allele in Landsberg erecta. These alleles were named here xaantal1-1, xaantal1-2 and xaantal1-3 due to their slow-growing root and late flowering phenotypes. These results were unexpected considering that XAL1 is a sister gene to the AG-related genes that are specific for reproductive tissues, and that most previously characterized MADS-box genes cluster in phylogenetic clades of genes with similar functions and expression patterns during flower, ovule or carpel development (Rounsley et al., 1995; Alvarez-Buylla et al., 2000a) . Nonetheless, previous studies for XAL1 had already suggested that this gene could function in root development due to its high and apparently specific expression in roots (Rounsley et al., 1995; Burgeff et al., 2002) . In this study, we have confirmed that XAL1 is indeed expressed in roots, but we show that it is also expressed in aerial tissues prior to the transition to flowering and within floral meristems. In accordance with this pattern of expression, XAL1 is also important for flowering transition.
Functional involvement in more than one tissue or developmental stage might be more common among MADS-box genes than originally believed based on the characterization of the flower specific ABC genes (Coen and Meyerowitz, 1991) . Indeed, recent studies have shown that most genes of this family are expressed in several plant tissues, organs and developmental stages (Kofuji et al., 2003; Parenicová et al., 2003; Schmid et al., 2005) . Other studies suggest that MADS-box functional specificity may depend on combinatorial protein-protein interactions (Egea-Cortines et al., 1999; Honma and Goto, 2001; de Folter et al., 2005; Kaufmann et al., 2005; Gregis et al., 2006; Sridhar 2006) , rather than on specific spatio-temporal expression patterns for each gene determined at the transcriptional level as it had been suggested before (Savidge et al, 1995; AlvarezBuylla et al., 2000a) .
XAL1 is an Important Regulator of Cell Proliferation in the Root Meristem
In the root axis, three main zones with contrasting cell proliferation patterns can be distinguished: the root apical meristem where active cell proliferation takes place from the stem cell niche established around the quiescent centre or organizer, and two zones where cells are not proliferating, namely the elongation and the differentiation zones (Fig. 5) (Dolan et al., 1993; Ioio et al., 2007) . The data summarized in this paper suggest that XAL1 is an important component of the molecular mechanisms controlling cell proliferation in the root. Consequently, the loss of function alleles analyzed for this gene show clear spatial alterations of cell behavior along the longitudinal axis of the Arabidopsis root with respect to wildtype plants. Our data suggest that this phenotype is indeed due to the lack of XAL1 because we observed complementation to wild-type root phenotypes using a 35S::XAL1 construct plasmid transformed into xal1-1 and xal1-2 (data not shown).
Drastically diminished levels of XAL1 expression were correlated with altered cellular organization of the RAM, but only in one third of the analyzed plants for the three xal1 alleles. In these cases, we observed periclinal divisions of the QC early in root development, and also lateral expansion of columella cells. However, all xal1-2 and xal1-3 mutant roots were shorter and had a decreased cell production rate, shorter elongated cells and a significantly longer cell-cycle that resulted in smaller meristems. Therefore, the altered cellular patterns at and around the QC in the affected plants are likely to be a consequence rather than a cause of the diminished cell production rates in the root meristem. In any case, this data suggest for the first time that type II plant MADS-box genes could be directly involved in cell-cycle regulation. The punctate pattern of mRNA in situ expression revealed for XAL1 in the root meristematic tissues is also suggestive of a correlation of this gene expression with cell-cycle stage (Burgeff et al., 2002) . In addition,XAL1 is also involved in the regulation of cell elongation. However, this effect is apparently masked in the weaker xal1-1 allele (data not shown) (Table S1, Di Laurenzio et al., 1996; Helariutta et al., 2000; Wysocka-Diller et al., 2000; Nakajima et al., 2001 and Sabatini et al., 2003) . However, as the SHR/SCR pathway specifies the entire layer surrounding provascular tissues in the root, it is necessary but not sufficient to define the exact position of the stem cell niche.
Auxin is also an important signal of QC establishment and it regulates SCR and PLT genes, that are also necessary for QC determination (Sablowski, 2004b) .
WOX5 is also expressed in the QC and this gene seems to be necessary and sufficient for stem cell identity (Sarkar et al., 2007) , probably with a more direct function in stem cell signalling, rather than in specifying QC identity. WOX5 protein or most probably a downstream factor, might move to stem cells to maintain their identity (Sarkar et al., 2007) . In contrast to these genes that have been shown to be important in QC specification and root growth, XAL1 does not show a peak of expression in the QC or stem cell niche, but loss-of-function mutants in this gene also show cellular aberrations in this zone and clear alterations in cell proliferation and root growth. This suggests that this MADS-box gene could be itself a non-cell autonomous signal from more differentiated tissues (columella and vascular tissues) or control another non-cell autonomous downstream component, that could also be important for QC and stem cell behavior and thus cell production rate in the root meristem. It will be important to use genetic approaches to test if XAL1 functions are independent or not of SCR, SHR and WOX5 pathways.
Our data demonstrate that the cell production rate is lower in xal1 mutants than in wt, but premature cell differentiation could also contribute to the smaller meristems of xal1 mutants. Interestingly, recent experiments have shown that cytokinins affect cell differentiation and define the root meristem by antagonizing from the transition zone a non-cell-autonomous signal that could be auxin (Ioio et al., 2007) . Moreover, downregulation of cytokinins in the vascular tissue is sufficient to enlarge the root meristem by retarding the transition of cells to the elongation and differentiation zones. These results and xal1 data presented here, thus suggest that XAL1 could be regulated and/or mediate cytokinin functions. This should be tested with genetic approaches. 
Auxin Up-regulates XAL1 specifically in the Root Phloem
Auxin promotes cell elongation, cell-cycle duration and cell differentiation (Evans et al., 1994; Abel and Theologis, 1996; Himanen et al., 2002; Vanneste et al., 2005) . In the root, auxin gradients and movement are sufficient to guide root growth (Sabatini et al. 1999; Galinha et al., 2007; Grieneisen et al., 2007) and affect cell behavior in a dose-dependent fashion (Galinha et al., 2007; Grieneisen et al., 2007) . In concordance, auxin response or transport mutants display root patterning defects and exogenous application of auxin induces ectopic QC and stem cells (Sabatini et al., 1999 and Friml et al. 2002) . Given that the xal1 mutants analyzed here showed root phenotypes affected in these traits, XAL1 could mediate auxin function. Indeed, our data clearly show that XAL1 is up-regulated after IAA treatment within the root phloem tissues, where it is normally and strongly expressed. The XAL1 promoter also responds positively to other auxin analogues, 2-4D and NAA (data not shown). Our results thus suggest that there is a phloem specific factor that responds to auxins and that is required for XAL1 transcriptional up-regulation within these tissues, or that XAL1 is itself is an auxin responsive factor. The latter is supported by the presence of several auxin response elements, TGA (http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) and SAUR boxes of the root auxin gradient (Galinha et al., 2007) . XAL1 role on cell behavior along the root apico-basal axis could be related to PLT1 and 2 function or it could be part of an independent mechanism. The latter seems to be the case given that XAL1 expression does not overlap with that of the PLT1 and PLT2, that have a gradient type expression pattern similar to that of auxins with a peak of expression at the QC (Aida et al., 2004) . However, other PLETHORA (PLT3 and BBM) genes have strong mRNA expression in the columella stem cell layer and the provascular tissues and could partially overlap with XAL1 expression (Galinha et al., 2007) . (Blazquez and Weigel, 2000; Corbesier and Coupland, 2006; Moon et al., 2003; Ng and Yanofsky 2000) . None of the other three flowering transition pathways were affected in these mutant alleles (Table I) .
In contrast to several key components of the photoperiod pathway (for example, CO, GI, CRYPTOCHROME 2 (CRY2) and FLOWERING LOCUS T (FT), (Koornneef et al., 1998b; Simpson and Dean, 2002; Komeda, 2004) , the xal1 late flowering phenotype under long-day photoperiods can be recovered to a wild-type 
MATERIALS AND METHODS
Plant Materials and Growth Conditions
Arabidopsis thaliana wild-type, xal1-1 and xal1-2 plants, co-1 and DR5(7X)::GUS auxin reporter line (Ulmasov T, et al., 1997) ) were established at 16 h of light followed by 8 h of dark for long-day (LD) photoperiods and 8 h of light followed by 16 h of dark for short-day (SD) photoperiods.
Identification of Mutant Alleles
The xal1-1 allele, was identified by screening for En-1 insertions among a collection of Arabidopsis plants carrying approximately 50,000 independent insertions of the autonomous maize transposable element (Baumann et al., 1998) .
The collection was screened in pools using the En-1 transposon primer En205
(5'AGAAGCACGACGGCTGTAGAATAGGA3') and the internal XAL1 primers:
(5'CATTTCATCTTCACACCAAC3'). The xal1-2 homozygous line was isolated from the NASC T 2 generation stock N429367, (former GK_306H03 from the GABI-Kat collection). Plants 100% resistant to sulfadiazine, were further confirmed by PCR using the following primers: GK T-DNA (5'-CCCATTTGGACGTGAATGTAGACAC3') and specific XAL1 primers NASC12-LP (5´-ACCCAAACGTCAAATCATCAG-3') and NASC12-RP (5´-CTTCATTCCGAAACACAATGC-3'). The xal1-3 allele, was identified by screening on a two component system mutagenised collection based on maize mobile / transposon Spm as described in Speulman et al. (1999) .
Microscopy
Plant material for light microscopy was prepared as previously described by Malamy and Benfey (1997) . Roots were visualized under an Olympus BX60 microscope. Confocal images were acquired on an inverted Zeiss LSM 510 Meta microscope with a x63 water immersion objective after root tissue was stained with 10 µM propidium iodide.
Quantitative Analysis of Cellular Parameters of Root Growth
Length of the meristem was determined for the cortex cells as the distance between the root-body/root-cap junction to the level where cells started to elongate, according to Casamitjana-Martinez et al. (2003) . The length of the elongation zone was taken as the distance between the proximal meristem border and the location of the most distal root-hair bulge. The average cycle time for cortical cells production in plants growing between 7-8 days was done, using the rate of cell production (Ivanov and Dubrovsky, 1997). The duration of the cell cycle days old roots (a period during which the rate of the root growth was estimated) was similar in both the wild-type and mutant plants, which enabled us to consider root growth to be at steady-state and apply the method described above. The rate of cell production was estimated as V(le) -1 (Baskin, 2000) . Statistical Student's ttest or the Tukey-Kramer test (depending on the sample size), were analyzed by the JMP program version 5.1.1.
Reporter Lines
For XAL1::GUS and XAL1::GFP constructs, a 2.8-kb or 6.8-kb promoter and the 5' In situ Hybridization and Histochemical Analysis.
Inflorescence and bud flowers from wild-type and xal1-1 were subjected to In situ hybridization (Drews et al. 1991 For flower histochemical analysis, samples were processed according to the protocol described in Blazquez et al. (1998) . For histological root analysis, GUSstained samples were dehydrated through ethanol / histoclear series until they were embedded in 100% histoclear (National Diagnostics, Galway, Ireland).
Finally, material was embedded in Paraplast+ (Oxford Labware, St. Louis, Mo.).
Transversal sections of 8 µm thick of GUS-positive root samples were counterstained with 0.1% ruthenium red and then embedded in Technovit 7100
(Kulzer, Herehaus) (Scheres et al., 1994) .
Expression Analysis by Northern blot and RT-PCR
Wild-type and mutant seedlings were grown for 14 days on MS plates under LD conditions. Total RNA was isolated from root or shoot tissue separately using Trizol reagent (Invitrogen, Carlsbad, Calif.) . Semi-quantitative RT-PCR was performed from two different experiments, each time with duplicates. PCR amplifications conditions and sequence primers are described in Table S3 (Supplemented Material). RNA-blot hybridization was performed with 10 µg of total RNA per lane with a gene-specific 3' probe, amplified with the following primers:
Flowering time measurements
The bolting time was measured as the days after seed sowing required for the 
Phylogenetic analysis
We performed a Bayesian reconstruction of the phylogenetic relationships among selected type II Arabidopsis thaliana MADS-box genes using the whole cDNAs.
Bayesian methods with Mr Bayes according to Huelsenbeck and Ronquist (2001) were used with a Markov chain Monte Carlo exploration of the tree likelihood surface. Four independent Markov chains (three heated) were used according to the Metropolis coupled scheme. The codon substitution model used was that of Goldman and Yang (1994) . Four independent runs of 2500000 generations each were performed, and every 100th tree was saved. After checking for Markov chain convergence, we discarded the first 15 000 trees and used the remaining trees to calculate Bayesian posterior probabilities of the clades. Results from every independent run were similar.
Supplemental Material
The following supplemental material is available for this article online: Table S1 . Quantitative analysis of root development in xal1-2 and xal1-3 strong alleles, and their respective control wild-type plants. Meristem length of 20 independent plants was measured from Col-0 and Ler wildtype plants and xal1-1, xal1-2 and xal1-3 alleles (1-1, 1-2, 1-3) . Cell production rate, cell cycle duration and fully elongated cell size were obtained as described in Materials and Methods. Bars represent standard errors (SE), calculated with the JMP 5.1.1 version statistical package (see data at Table S1 ). Col-0 33.1 ± 0.4 (n=78) 25.2 ± 0.6 (n=37) 70.0 ± 0.7 (n=38) 44.0 ± 0.5 (n=21)
xal1-1 37.5 ± 0.5 (n=48) P<0.0001 *** 28.0 ± 1.9 (n=41) 68.1 ± 1.9 (n=18) ------ 
